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(57) ABSTRACT 

The present invention employs a bottom antiferromagnetic 
(AFM) layer which can be employed for longitudinally 
biasing a free layer of a spin valve sensor and in addition 
pinning the magnetic moment of a pinned layer of the spin 
valve sensor perpendicular to the ABS. The bottom AFM 
layer has first and second portions in first and second regions 
of the read head and a third portion in a sensor region 
thereof. The magnetic spins of the first and second portions 
of the bottom AFM layer are directed parallel to and along 
an air bearing surface of the head while the magnetic spins 
of the third portion are directed perpendicular to the ABS. 
This can be accomplished by a unique method wherein after 
setting magnetic spins of the first and second portions of the 
AFM layer a current pulse is applied through the spin valve 
sensor which causes a current pulse field in combination 
with discrete heating of the spin valve sensor so that the third 
portion of the AFM layer is set without disturbing the setting 
of the first and second portions of the bottom AFM layer. 

48 Claims, 9 Drawing Sheets 
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SPIN VALUE READ HEAD STABILIZED resistance of the spin valve sensor in proportion to cos 6, 

WITHOUT HARD BIAS LAYERS where 8 is the angle between the magnetizations of the 

pinned and free layers. In a read mode the resistance of the 
spin valve sensor changes proportionally to the magnitudes 

BACKGROUND OF THE INVENTION 5 of the magnetic fields from the rotating disk. When a sense 

1. Field of the Invention f™* * e spin valve sensor resis- 
m ... . , , < tance changes cause potential changes that are detected and 
The present invention relates to a spin valve read head processe d aS playback signals 

stabilized without hard bias layersand, more particularly, to A m ^ sensQr ^ characterized b a magnet oresistive 

a single antferromagnetic (AFM) layer that is exchange m) ^ fc substantially ^ than me MR 

coupled to the spin valve for stabilizing a tree layer and/or ^ cient of ^ misotropic magnetoresistive (AMR) sen- 

pinnmg a pinne ayer o e spin v ve. &or p Qr ^ reason a S p m va i ve sensor ^ sometimes referred 

2. Description of the Related Art t0 ^ a giant mag netoresistive (GMR) sensor. When a spin 
The heart of a computer is an assembly that is referred to valve sensor employs a single pinned layer it is referred to 

as a magnetic disk drive. The magnetic disk drive includes 15 as a simple spin valve. When the spin valve sensor employs 

a rotating magnetic disk, write and read heads that are an a ntiparallel (AP) pinned layer it is referred to as an AP 

suspended by a suspension arm above the rotating disk and pinned spin valve. A spin valve is also know as a top or 

an actuator that swings the suspension arm to place the read bottom spin valve depending upon whether the pinning layer 

and write heads over selected circular tracks on the rotating is at the top (formed after the free layer) or at the bottom 

disk. The read and write heads are directly located on a slider ^ (before the free layer). Apinning layer in a bottom spin valve 

that has an air bearing surface (ABS). The suspension arm is typically made of nickel oxide (NiO). The spin valve 

biases the slider into contact with the surface of the disk sensor is located between first and second nonmagnetic 

when the disk is not rotating but, when the disk rotates, air electrically insulative read gap layers and the first and 

is swirled by the rotating disk adjacent the ABS causing the second read gap layers are located between ferromagnetic 

slider to ride on an air bearing a slight distance from the ^ first and second shield layers. In a merged magnetic head a 

surface of the rotating disk. When the slider rides on the air single ferromagnetic layer functions as the second shield 

bearing the write and read heads are employed for writing layer of the read head and as the first pole piece layer of the 

magnetic impressions to and reading magnetic impressions write head. In a piggyback head the second shield layer and 

from the rotating disk. The read and write heads are con- the first pole piece layer are separate layers, 

nected to processing circuitry that operates according to a 30 It ^ important that the free layer of the spin valve sensor 

computer program to implement the writing and reading be magnetically stable. During a typical construction of a 

functions. S p m valve sensor a bilayer photoresist is formed on top of 

The write head includes a coil layer embedded in first, multiple full film layers for the spin valve sensor. These full 

second and third insulation layers (insulation stack), the film layers are then ion milled to form the spin valve sensor 

insulation stack being sandwiched between first and second 35 with first and second side edges that are typically tapered at 

pole piece layers. A gap is formed between the first and an angle 6 with respect to a normal to the planes of the 

second pole piece layers by a gap layer at an air bearing layers. First and second hard bias layers and first and second 

surface (ABS) of the write head and the pole piece layers are lead layers are then deposited with the bilayer photoresist 

connected at a back gap. Current conducted to the coil layer still in place forming what is known in the art as contiguous 

induces a magnetic field in the pole pieces which causes flux 40 junctions of the hard bias and lead layers with the first and 

across the gap at the ABS for the purpose of writing the second side edges of the spin valve sensor. Magnetostatic 

aforementioned magnetic impression in tracks on moving fields from the first and second hard bias layers are 

media, such as in circular tracks on the aforementioned employed for the purpose of aligning the magnetic moments 

rotating disk. of the free layer so that they are all in the same direction in 

In recent read heads a spin valve sensor is employed for 45 a single domain state. Without the hard bias layers the free 

sensing magnetic fields from the rotatiog magnetic disk. The layer is in a multi-domain state with the magnetic domains 

sensor includes a nonmagnetic conductive layer, hereinafter being defined by numerous walls. The narrower the track 

referred to as a spacer layer, sandwiched between first and width the greater the magnetic instability of the free layer, 

second ferromagnetic layers, hereinafter referred to as a When the free layer is subjected to applied magnetic fields 

pinned layer and a free layer. First and second leads are 50 from the rotating disk the domain walls move around which 

connected to the spin valve sensor for conducting a sense creates magnetic noise that is superimposed upon the read 

current therethrough. The magnetization of the pinned layer signal. 

is pinned perpendicular to the air bearing surface (ABS) and The aforementioned process of making contiguous junc- 

the magnetic moment of the free layer is located parallel to dons inherently results in a taper of the first and second side 

the ABS, but free to rotate in response to external magnetic 55 edges of the layers of the sensor. Unfortunately, the greater 

fields. The magnetization of the pinned layer is typically the angle or taper of the first and second side edges of the 

pinned by exchange coupling with an antiferromagnetic spin valve sensor the less the effectiveness of the first and 

layer, second hard bias layers. When the first and second side 

The thickness of the spacer layer is chosen to be less than edges of the spin valve sensor are tapered the first and 

the mean free path of conduction electrons through the 60 second hard bias layers take on the soft magnetic properties 

sensor. With this arrangement, a portion of the conduction of the free layer causing the first and second hard bias layers 

electrons is scattered by the interfaces of the spacer layer to be magnetically more soft and less capable of applying a 

with each of the pinned and free layers. When the magne- magnetostatic coupling for stabilizing the free layer. The 

tizations of the pinned and free layers are parallel with first and second hard bias layers are at their maximum 

respect to one another, scattering is minimal and when the 65 effectiveness when the first and second side edges of the spin 

magnetizations of the pinned and free layers are antiparallel, valve sensor are vertical or parallel to a normal to the planes 

scattering is maximized. Changes in scattering alter the of the layers. This vertical configuration has not been 
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obtainable with the bilayer photoresist and ion milling steps the ABS along the track width. These portions are exchange 

for forming the first and second side edges of the spin valve coupled to first and second ferromagnetic layers, which are 

sensor. Accordingly, there is a strong-felt need for a biasing located in the first and second side regions, and are, in turn, 

scheme to longitudinally bias the free layer into a single exchange coupled to the first and second side edges of the 

domain state when the first and second side edges of the spin 5 free layer. Accordingly, the first and second portions of the 

valve sensor are tapered. single AFM layer magnetically stabilize the free layer via 

Pursuant to the above objective, I investigated a scheme the first and second ferromagnetic layers by exchange cou- 

employing first and second antiferromagnetic layers in con- pling. 

tact with the first and second side edges of the spin valve A second aspect of the invention includes the first aspect 
sensor for magnetically stabilizing the free layer. A third 10 0 f the invention and further includes the third portion of the 
antiferromagnetic layer was exchange coupled to the pinned AFM layer, which is located in the sensor region of the read 
layer of the spin valve sensor for pinning the magnetic head, having magnetic spins oriented perpendicular to the 
moment of the pinned layer perpendicular to the ABS. A ABS and exchange coupled to the pinned layer of the spin 
wafer, upon which multiple read heads were constructed, valve sensor for pinning the magnetic moment of the pinned 
was subjected to heat in the presence of a magnetic field that 15 i ayer perpendicular to the ABS. Accordingly, the first and 
was directed longitudinal to the free layer, namely parallel to second portions of the single AFM layer are employed for 
the ABS along the track width of the read head for setting the magnetically stabilizing the free layer and the third portion 
magnetic spins of the first and second antiferromagnetic of the single AFM iayer is employed for pinning the mag- 
layers in the direction of the applied field. The heat raised the netic moment of the pinned layer. 

temperature of the entire wafer at or above the blocking 20 The first aspect of me mvention applies to either a top spin 

temperature of the first and second antiferromagnetic layers. valve or a bottom ^ valve sensor ^ second 

The blocking temperature is the temperature at which the ^ of me mveiltion ap bes to a bottom s m valve scnsor 

magnetic spins of the first and second antiferromagnetic A third t of mc invcntion applics to a top spin valvc 

layers are free to rotate in response to an applied field. The scnson ^ ^ ^ t of mc incl * de * the first 

first and second antiferromagnetic layers may be made of a 25 of ^ ^ indudcs a second 

material, such as nickel [manganese (NiMn) or platinum laycr ^ ^ cxch kd tQ ^ inQcd h for 

manganese (PtMn) which has a high blocking temperature mni a ctic momcnt of (hc mned k per pendicu- 

of about 300° C. The third antiferromagnetic layer for lar to tnc 

pinning the pinned layer of the spin valve sensor may be A „ A * . . . . « . A . 

„ f , m , ( , . 1 K . , /KT'i^i\ - j- ™ A method of the mvention includes settmg the magnetic 

made of a material, such as nickel oxide (NiO) or indium 30 . * 

rr,™™™ n r \jf n \ Lu;~u u_ 1 ui 1 ■ * * s P ins of tne tmrd portion of the single AFM layer so that the 

manganese (IrMn) which has a lower blocking temperature -V- t f K .. . ^ e c \ , . 

of about 250° C setting of the magnetic spins of the first and second 

r ' ...... , portions of the single AFM layer is not degraded. The first 

The wafer was then subjected to heat in the presence of a md sccond ^ of the ^ ^ { be ^ b 

field which is directed perpendicular to the ABS for setting heat ^ the ce of a fie]d * hjch k 

the magnetic spins of the third antiferromagnetic layer 35 to ^ free ^ be ^ * 

r^™^. tl f ^*T& the "^W?- level or at the row level where the wafer has been cut into 

toe of 250 C is less than the first temperature of 300° C, rows of heads . Next a ^ {s conducted {h h ^ ^ 

the settmg of me magnetic spins of the third antiferromag- valve sensor via first and second {emin ^ Qn ^ 

netic layer degraded flic initial settmg of *e magnetic spins ^ first and Jeads ^ ^ free } ^ ^ n a 

of the first and second antiferromagnetic layers This is due «> current hc field on ^ mncd * which / orients 

to the fac that even though the second blocking temperature ^ tic ^ of ^ tMrd of ^ ^ 

is lower than the first blocking temperature the magnetic k m me same ^ ke heats £ e hcad 

spins of the first and second antiferromagnetic layers are discretely mroughout me kyers of the spin valve sensor and 

partially rotated during the second step of setting the mag- ^ ^ rtion of the ^ AFM ^ ^ 

ne ic spins of the third ^ferromagnetic layer Tins degra- 45 he me ^ ^ ^ ^ ^ X 

dation then reduces the effectiveness of the longitudinal Accordingl me ^ ^ of a ^ ^ u 

biasmgofmefreelayerbymefi^ sensor ion ^ Mt £ a p C ^ CDdicu Tar position without 

Accordingly, while ^the .scheme oi ; employing antiferromag- d ^ ^ ^ of ^ lon ^ tudiaal 0 F rien tation of the 

netic layers instead of hard biasing layers overcomes the fiRt md ^ of ^ ^ , . ^ ive 

coupling problem, the process steps in setting the third 50 rcg i ons 

antiferromagnetic layer for pinning the pinned layer ™. • ' . , , - , . . , . , 
degrades the performance of the first and second antiferro- ^ described hereinabove implements the sec- 
magnetic layers which longitudinally bias the free layer. ond aspect of the present mvention. A method to implement 

'tne first aspect of the mvention sets the first and second 

SUMMARY OF THE INVENTION 55 portions of the single AFM layer. Amethod to implement the 

The present invention provides a single antiferromagnetic toird aspect of the invention includes setting the first and 

layer on the first read gap which is employed for longitu- second portions of the AFM layer and further includes 

dinally biasing the free layer of the spin valve sensor. The setting the second AFM layer in a manner similar to that 

single AFM layer has first and second portions located in described for implementing the second aspect of the inven- 

first and second side regions of the read head and a third 60 ^ on - 

portion that is located in a sensor region of the read head. An object of the present invention is to provide an 

The sensor region of the read head is defined by the width effective scheme for longitudinally biasing a free layer of a 

of the bottom of the spin valve sensor and the first and spin valve sensor without using first and second hard biasing 

second side regions are located on each side of the sensor layers. 

region. In a first aspect of the invention the first and second 65 Another object is to employ an antiferromagnetic scheme 

portions of the single antiferromagnetic layer have their for effectively longitudinally biasing a free layer and pio a 

magnetic spins oriented longitudinally, namely parallel to pinned layer of a spin valve sensor. 
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A further object is to longitudinally bias the free layer of FIG. 18 is one of the rows of head of FIG. 18 after dicing 

a spin valve sensor with first and second antiferromagnetic the wafer, and 

layer portions and pin a pinned layer of the spin valve sensor piG. 19 is an isometric illustration of the single antifer- 

with a third antiferromagnetic layer portion wherein a set- romagnetic layer and exemplary layers of the spin valve 

ting of the magnetic spins of the third magnetic layer portion 5 sen sor upon the application of a current pulse, 
does not degrade the setting of the magnetic spins of the first 

and second antiferromagnetic layer portions. DESCRIPTION OF THE PREFERRED 

Still another object is to provide a single antiferromag- EMBODIMENTS 
netic layer which has first and second portions for longitu- 
dinally biasing a free layer and a third portion between the ™ Magnetic Disk Drive 
first and second portions for pinning the magnetic moment Referring now to the drawings wherein like reference 
of a pinned layer of the spin valve sensor perpendicular to numerals designate like or similar parts throughout the 
toe ABS. several views, FIGS. 1-3 illustrate a magnetic disk drive 30. 

Still a further object is to provide a method of making a The drive 30 includes a spindle 32 that supports and rotates 

spin valve read head wherein the setting of the magnetic 15 a magnetic disk 34. The spindle 32 is rotated by a motor 36 

spins of first and second portions of a single antiferromag- that is controlled by a motor controller 38. A combined read 

netic layer for longitudinally biasing a free layer is not and write magnetic head 40 is mounted on a slider 42 that 

degraded by magnetically setting the magnetic spins of a is supported by a suspension 44 and actuator arm 46. A 

third portion of the single antiferromagnetic layer for pin- plurality of disks, sliders and suspensions may be employed 

ning a magnetic moment of a pinned layer. 20 in a large capacity direct access storage device (DASD) as 

Other objects and advantages of the invention will shown in FIG. 3. The suspension 44 and actuator arm 46 

become apparent upon reading the following description position the slider 42 so that the magnetic head 40 is in a 

taken together with the accompanying drawings. transducing relationship with a surface of the magnetic disk 

34. When the disk 34 is rotated by the motor 36 the slider is 

BRIEF DESCRIPTION OF THE DRAWINGS 25 supported on a thin (typically, 0.05 /mi) cushion of air (air 

. . . , . „ bearing) between the surface of the disk 34 and the air 

FIG. 1 is a planar view of an exemplary magnetic disk fc^'surface (ABS) 48. The magnetic bead 40 may then 

avc > be employed for writing information to multiple circular 

FIG. 2 is an end view of a slider with a magnetic head of on me surface of the disk 34, as well as for reading 

the disk drive as seen in plane 2—2; 30 information therefrom. Processing circuitry 50 exchanges 

FIG. 3 is an elevation view of the magnetic disk drive signals, representing such information, with the head 40, 

wherein multiple disks and magnetic heads are employed; provides motor drive signals for rotating the magnetic disk 

FIG. 4 is an isometric illustration of an exemplary sus- 34, and provides control signals for moving the slider to 

pension system for supporting the slider and magnetic head; 3S various tracks. In FIG. 4 the slider 42 is shown mounted to 

FIG. 5 is an ABS view of the slider taken along plane a suspension 44. The component described hereinabove 

5 g Q f fjq 2* ma y DC mounted on a frame 54 of a housing 55, as shown 

FIG. 6 is a partial view of the slider and a piggyback . „ , ^ 

magnetic head as seen in plane 6-6 of FIG. 2; u ^J*™^?™ ° f 42 S^* 0 

. , . _ , t Jiin head 40. The slider has a center rail 56, which supports the 

FIG. 7 is a partial view of the sMer and a merged «o magnetic head 40 , and side rails 58 and 60. The rails 56, 58 

magneuc head as seen in plane 7-7 of FIG. 2; J 60 extend from a cross rail 62. With respect to rotation 

FIG. 8 is a partial ABS view of the slider taken along 0 f me magnetic disk 34, the cross rail 62 is at a leading edge 

plane 8—8 of FIG. 6 to show the read and write elements of 54 0 f the slider and the magnetic head 40 is at a trailing edge 

the piggyback magnetic head; ^ 66 of the slider. 

FIG. 9 is a partial ABS view of the slider taken along FIG. 6 is a side cross-sectional elevation view of a 

plane 9—9 of FIG. 7 to show the read and write elements of piggyback magnetic head 40, which includes a write head 

the merged magnetic head; portion 70 and a read head portion 72, the read head portion 

FIG. 10 is a view taken along plane 10 — 10 of FIG. 6 or employing a spin valve sensor 74 of the present invention. 

7 with all material above the coil layer and leads removed; 50 FIG. 8 is an ABS view of FIG. 6. The spin valve sensor 74 

FIG. 11 is an isometric ABS illustration of a prior art read k sandwiched between nonmagnetic electrically insulative 

head which employs a spin valve sensor longitudinally first aQ d second read gap layers 76 and 78, and the read gap 

biased by hard biasing layers; layers are sandwiched between ferromagnetic first and sec- 

FIG. 12 is an ABS illustration of a first embodiment of the ond shield layers 80 and 82. In response to external magnetic 

present invention* 55 ^eias, *" c resistance of the spm valve sensor 74 changes. A 

r T „ ' _ .„ A c , , r sense current L conducted through the sensor causes these 

FIG. 13 is an ABS illustration of a second embodiment of . t , * . , •* * j * 1 L 

the resent invention* resistance changes to be manifested as potential changes. 

+a . iT ^' -,i , • 1 , r These potential changes are then processed as readback 

the fesint hiwnti^n- raU ° n * cmbodiment of signals by the processing circuitry 50 shown in FIG. 3. 

e present invention, go ^ e ^ ea j potion 70 of the magnetic head 40 

FIG. 15 is an ABS illustration of a pinned layer for a spin a coil layer 84 sandw i c hed between first and second 



insulation layers 86 and 88. A third insulation layer 90 may 



valve read head; 

FIG. 16 is an ABS illustration of an antiparallel (AP) be employed for planarizing the head to eliminate ripples in 

pinned layer for an AP pinned spin valve read head; the second insulation layer caused by the coil layer 84. The 

FIG. 17 is an isometric illustration of an exemplary wafer 65 first, second and third insulation layers are referred to in the 

on which rows and columns of magnetic heads have been art as an "insulation stack". The coil layer 84 and the first, 

constructed; second and third insulation layers 86, 88 and 90 are sand- 
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wiched between first and second pole piece layers 92 and 94. sensor 202 has a width that defines the sensor region of the 

The first and second pole piece layers 92 and 94 are read head. The spin valve sensor has first and second side 

magnetically coupled at a back gap 96 and have first and edges 212 and 214 which are tapered at an angle 0 to a 

second pole tips 98 and 100 which are separated by a write normal to planes of the layers of the spin valve sensor as 

gap layer 102 at the ABS. An insulation layer 103 is located 5 discussed hereinabove. The outer boundaries of the first and 

between the second shield layer 82 and the first pole piece second sidc edges of mc frec i aycr 2 08 define the actual 

layer 92. Since the second shield layer 82 and the first pole activc ion or tadc ^ shown First md second £6c 

piece layer 92 are separate layers this head is known as a ions are locatcd to ^ lcft md ri ht of the ^ ioilt 

piggyback head. As shown in FIGS. 2 and 4, first and second ° . -r 

solder connections 104 and 106 connect leads from the spin in inve ^ on a b ° Uom ^fenomag- 

valve sensor 74 to leads 112 and 114 on the suspension 44, 10 ° eUc ? ayer 220 ^ " located on afirst ™? * a ? 

and third and fourth solder connections 116 and 118 connect 222 of the ™ d ^ V*J* S{ read ga j> layer 222 may 

leads 120 and 122 from the coil 84 (see FIG. 10) to leads 124 be aluminum 0Xlde OHA) Optionally, the first read gap 

and 126 on the suspension. ma y consist of onl y me bottom AFM la y er * the AFM is 

CTr-c n 0 „j o „ m _ vine , * e _ « nonconductive as well as being nonmagnetic. The bottom 

HOS. 7 and 9 are the same as r I OS. 6 and 8 except the 1<; Ar ~, - . ^ 4 , . „ . 

a w i j i ci j *u c < i 1 ni 15 AFM layer 220 has first and second portions 224 and 226. 

second shield layer 82 and the first pole piece layer 92 are . . . 3 . . . . A . A F « , 

1 'n.-^ ruj-i j which are located m the first and second side regions, and a 

a common layer. This type of head is known as a merged f , . - . ^ Q «. , , . . • m. 

magnetic head. The insulation layer 103 of the piggyback ^, P °?™ , ^ * X h " u T^a 

head in FIGS. 6 and 8 is omitted ^° tom **** layer 220 wU to descnbed m detal1 herem - 

below. 

FIG. 11 is an isometricABS illustration of a prior art read M „. ' , * - , „„„ 

head 72 which has a spin valve sensor 130. First and second md second ferromagnetic biasing layers 230 and 232 

hard bias and lead layers 134 and 136 are connected to first are located in the first and second side regions and are 

and second side edges 138 and 140 of the spin valve sensor. ™: han 8 c ™ u ?} cd *° L me ^ and sc ™* d ^ ons 21 * and 

This connection isknowninthe art as a contiguous junction 226 respectively of the AFM layer 220 and are exchange 

and is fully described in commonly assigned U.S. Pat. No. « rou P led l ° ^ fo&jnd second side edges 212 and 214 

5,018,037 which is incorporated by reference herein. Ttie *spectrvely of the free layer First and second lead layers 

first hard bias and lead layers include a first hard bias layer *"* P) 234 md 236 are located m the first and second 

140 and a first lead layer 142 and the second hard bias and *de regions on top of the first and second ferromagnetic 

lead layers 136 include a second hard bias layer 144 and a biasing layers 230 and 232. Asecond read gap structure (G2) 

second lead layer 146. The hard bias layers 140 and 144 30 ^ * on to P firet and 23 1 

cause magnetic flux to extend longitudinally through the * 6 ** d ,™ X ?Z L° f Valvc Scn L Sor 202 ■ A S ™ ond 

spin valve sensor 130 for stabilizing magnetic domains of smeld layer (S2) 240 is located on top of the -second read gap 

the free layer. The spin valve sensor 130 and the first and 238 ij * ho ^ d bc understood that the thicknesses of 

second hard bias and lead layers 134 and 136 are located la y crs m nG 12 are disproportionate for convenience 

between nonmagnetic electrically insulative first and second 35 purp 0868 - 

read gap layers 148 and 150. The first and second read gap Afirst as P ect of the invention is that the first and second 

layers 148 and 150 are, in turn, located between first and portions 224 and 226 of the AFM layer 220 have magnetic 

second shield layers 152 and 154. s P ins 242 and 244 lnat P in me magnetic moments 246 and 

It should be noted from FIG. 11 that the first and second 248 of the ferromagnetic biasing layers 230 and 232 in a 

side edges 138 and 140 of the spin valve sensor 130 are 40 Co™ 00 direction along a length of the free layer 208. By 

tapered at an angle 0 to a normal to the planes of the layers, exchange and magnetostatic couplings between the first and 

such as layers 148 and 132. The greater the taper the less the second biasing layers 230 and 232 and the first and second 

effectiveness of the first hard bias layers 140 and 144. side of ^ ^ k y er 208 > me magnetism of the free 

Because of the taper the first and second hard bias layers 140 la y er is similized in a single domain state from left to right 

and 144 take on the soft properties of a free layer of the spin 45 shown 111 FIG ' 11 11 should be noted ^ ^ first md 

valve sensor 132 causing the first and second hard bias second biasm g la y ers 230 232 ^Mon as first and 

layers to lose their hard bias effectiveness. The tapering of second flux guides for the free layer 208 so as to reduce its 

the first and second side edges 138 and 140 is caused by a demagnetization field. The combined result is that the free 

processing step which employs a bilayer photoresist. When la y er 208 » ur 8 ed to a ^y stable domain state - ™ s 

the wafer is ion milled, shadowing effects from the bilayer 50 stabiUt y Prevents domain wall motion upon the application 

photoresist causes the tapering side edges. While the pho- of 111 a Ppked signal from the rotating disk so that the read 

toresist mask is still in place the hard bias layers 140 and 144 si S nal ^ no( degraded by magnetic noise, 

are deposited followed by the leads 142 and 146, after which In a second aspect of the invention the third portion 228 

the bilayer photoresist is removed. Accordingly, there is a of the AFM layer 220 has spins oriented perpendicular to 

strong-felt need for an effective biasing scheme which can 55 and toward the ABS as shown at 250. These magnetic spins 

be employed with first and second side edges 138 and 140 pin the magnetic moment of the pinned layer 206 perpen- 

which are tapered. dicular to and toward the ABS as shown at 252 and 254. 

FIG. 12 shows a first read head embodiment 200 of the While the magnetic spins of the first and second portions 224 

present invention which employs a bottom simple pinned and 226 are shown from left to right and the magnetic spins 

spin valve 202. The spin valve seosor 202 includes a 60 of toe third portion 228 are shown perpendicular to and 

nonmagnetic electrically conductive spacer layer 204, such toward the ABS, it should be understood that these direc- 

as copper (Cu), located between a ferromagnetic pinned tions may be reversed as desired. A method of orienting the 

layer 206 and a ferromagnetic free layer 208. Layers 206 and magnetic spins 250 of the AFM layer 220 perpendicular to 

208 may be constructed of nickel iron (NiFe). The spin valve the magnetic spins 242 and 226 will be discussed hereinaf- 

sensor 202 may be capped with a tantalum (Ta) layer 210 for 65 ter. 

protecting the free layer 208 from subsequent processing FIG. 13 illustrates a read head embodiment 300 of the 

steps in the construction of the read head. The spin valve present invention which is the same as the read head 200 
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shown in FIG. 12 except electrically conductive second and of the AFM layer portion 228 in FIGS. 12 and 13 or 406 in 
third antiferromagnetic (AFM) layers 302 and 304 are FIG. 14 for pinning the magnetic moment of a pinned layer 
located in the first and second side regions between the of the spin valve. FIG. 17 shows a wafer 700 upon which 
biasing layers 230 and 232 on one side and the first and rows and columns of magnetic heads 702 have been con- 
second lead layers 234 and 236 on the other side. A suitable 5 structed. At the wafer level the magnetic heads may be 
material for the AFM layers 302 and 304 is chromium subjected to a field, as shown, directed parallel to the ABS 
manganese platinum (CrMnPt). The second and third AFM and along the trackwidths of the heads in the presence of 
layers 302 and 304 additionally pin the magnetic moments heat, such as 230° C, for setting the magnetic spins of the 
244 and 246 of the first and second biasing layers parallel to first and second portions 224 and 226 in FIGS. 12-14 of the 
the length of the free layer 208. 10 bottom AFM layer in the same direction. 

FIG. 14 illustrates a third embodiment 400 of the present At the wafer level, but preferably at the row level, as 
invention which differs from the first embodiment in FIG. 12 shown in FIG. 18, a current pulse (I) is applied to terminals 
in that the spin valve sensor 402 is a top spin valve sensor of the first and second leads 234 and 236 in FIGS. 12-14 for 
instead of a bottom spin valve sensor. This means that the applying the current pulse through the spin valve sensor 202. 
pinned layer 404 is located at and pinned at the top of the 15 As shown in FIG. 19, this causes the free layer 720 to apply 
spin valve instead of being located at and pinned at the a current pulse field 722 on me pinned layer 724. This causes 
bottom of the spin valve. This pinning is accomplished by a the magnetic moment 726 of the pinned layer to be directed 
second antiferromagnetic layer 406 which is exchange perpendicular to and toward the ABS as shown. The current 
coupled to the pinned layer 404. The magnetic spins of the P^se also discretely generates heat in the spin valve sensor 
second AFM layer 406 are shown perpendicular to and ^ and in the third portion 728 of the bottom AFM layer 730 
toward the ABS which results in the magnetic moment of the which, in combination with the magnetic moment 726, 
pinned layer 404 being directed perpendicular to and toward causes magnetic spins of the third portion of the bottom 
the ABS. It is preferred that the material of the second AFM AFM layer to be directed perpendicular to and toward the 
layer 406 have a blocking temperature less than 250° C. ABS as shown at 732. Because of the discrete heating by the 
Suitable materials are nickel oxide (NiO), a ferric oxide 25 current pulse, the orientation 734 of the first and second 
(aFe 2 0 3 ) and iridium manganese (IrMn). It is further pre- portions 736 and 738 of the bottom AFM layer have not been 
ferred that the first AFM layer 220 have a blocking tern- disturbed because they have not been sufficiently heated 
perature greater then 250° C. Suitable AFM materials for toward the blocking temperature of the bottom AFM layer 
this purpose are iron manganese (FeMn) or platinum man- 730 In me preferred embodiment the blocking temperature 
ganese (PtMn). It should be understood that the above 30 of the bottom AFM layer 728 is below 250° C. Materials 
directions may be reversed if desired. A nonmagnetic elec- suitable for this purpose are nickel oxide (NiO), alpha ferric 
trically conductive spacer layer 408 is located between the oxide (oFq^O^) and iridium manganese (IrMn). Preferred 
pinned layer 404 and the free layer 410. The free layer 410 fields in the first step shown in FIG. 18 are 5,000 Oe for a 
may be on a tantalum layer 412 for protecting the free layer simple spin valve sensor and 12,000 Oe for an AP pinned 
410 and magnetically insulating it from the bottom AFM 35 s P in valve sensor. In the second step, shown in FIGS. 18 and 
layer 220. In this embodiment the magnetic spins of the first 19 > a desired reset voltage is 1 volt for a period of 100 
and second portions 224 and 226 and the third portion 228 nanoseconds. This will provide a temperature of at least 
of the bottom AFM layer are all directed in the same 160°-180°, which is near enough to the blocking tempera- 
direction, as shown by the arrows thereon. It should be ^re of the bottom AFM layer 730 to set the magnetic spins 
understood that this direction may be reversed if desired. 40 of the third portion 728 of the bottom AFM layer. In the 
The reason that the direction of the magnetic spins of the embodiment 400 in FIG. 14 the first step sets the bottom 
first, second and third portions of the bottom AFM layer 220 AFM layer 220 and the second step sets the AFM layer 402. 
are all in the same direction is because the third portion 228 Clearly, other embodiments and modifications of this 
is not exchange coupled to a ferromagnetic layer and there- invention will occur readily to those of ordinary skill in the 
fore cannot be reset perpendicular to the ABS. This will be 45 art in view of these teachings. Therefore, this invention is to 
evident in the following discussion regarding a method of be limited only by the following claims, which include all 
making the various embodiments of the present invention. such embodiments and modifications when viewed in con- 

FIG. 15 illustrates a single pinned layer 600 which has junction with the above specification and the accompanying 

been shown for each of the embodiments in FIGS. 12-14. It drawings, 

should be understood that the single pinned layer 600 may 50 ' claim: 

be replaced by an anuparallel (AP) pinned layer 602 as 1. Amagnetic read head, which has an air bearing surface 

shown in FIG. 16. The AP pinned layer includes an AP (ABS), a sensor region that is defined as the width of a spin 

coupling layer 604 which is located between first and second valve sensor and first and second side regions which extend 

ferromagnetic pinned films 606 and 608. The AP coupling along the ABS and away from the sensor region, the read 

film 604, which is typically 8 A of ruthenium (Ru), allows 55 head comprising: 

an antiparallel coupling between the first and second pinned a spin valve sensor having first and second side edges that 

films 606 and 608. Accordingly, if the first pinned film 606 are spaced apart by said width that defines said sensor 

is pinned by an antiferromagnetic layer perpendicular to and region; 

away from the ABS, as shown by (x) , then the pinned film the spin valve sensor including: 

608 is pinned perpendicular to and toward the ABS, as eo a ferromagnetic pinned layer and a ferromagnetic free 

shown by 0. layer; and 

FIGS. 17, 18 and 19 show a method of the present a nonmagnetic conductive spacer layer located between 

invention for first setting the magnetic spins of the AFM the pinned layer and the free layer; and 

layer portions 224 and 226 in FIGS. 12-14 for pinning the ferromagnetic first and second biasing layers located in 

magnetic moments 246 and 248 of the first and second 65 the first and second side regions respectively and 

biasing layers which, in turn, longitudinally bias the free magnetically coupled to the first and second side edges 

layer 208. This may be followed by setting magnetic spins respectively of the spin valve sensor; 
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a first antiferromagnetic (AFM) layer having first arid 
second portions located in the first and second side 
regions respectively and a third portion located in said 
sensor region; 

the first and second portions of the first AFM layer being 5 
exchange coupled to the first and second biasing layers 
respectively; 

each of the first and second portions of the first AFM layer 
having magnetic spins that are oriented parallel to the 
ABS and transverse said first and second side edges; 10 

the pinned layer being exchange coupled to the third 
portion of the first AFM layer; and 

the third portion of the first AFM layer having magnetic 
spins that are oriented perpendicular to the ABS. ^ 

2. A magnetic read head as claimed in claim 1 including: 
first and second lead layers located in the first and second 

side regions respectively and electrically connected to 
the first and second side edges respectively of the spin 
valve sensor; 20 

first and second read gap structures; 

the spin valve sensor, the first and second biasing layers 
and the first and second lead layers being located 
between the first and second read gap structures; 

ferromagnetic first and second shield layers; and 

the first and second read gap structures being located 
between the first and second shield layers. 

3. A magnetic read head as claimed in claim 2 wherein the 
pinned layer is an antiparallel (AP) pinned layer that com- 30 
prises: 

first and second ferromagnetic pinned films with the first 
pinned film being pinned by the third portion of the first 
AFM layer in a first direction; and 

an AP coupling film located between the first and second 35 
pinned films so that the second pinned film is pinned by 
antiparallel exchange coupling with the first pinned 
film in a second direction that is antiparallel to said first 
direction. 

4. A magnetic read head as claimed in claim 2 wherein 40 
each of the first and second biasing layers has a thickness 
equal to or greater than a thickness of the free layer. 

5. Amagneticread head as claimed in claim 2 wherein the 
first AFM layer is selected from the group comprising nickel 
oxide (NiO), alpha ferric oxide (aF^O^, nickel manganese 45 
(NiMn), platinum manganese (PtMn), and chromium man- 
ganese (CrMn). 

6. A magnetic read head as claimed in claim 2 wherein the 
first AFM layer is nonconductive. 

7. A magnetic read head as claimed in claim 6 wherein the 50 
first read gap structure comprises the first AFM layer. 

8. A magnetic read head as claimed in claim 6 wherein the 
first read gap structure consists of the first AFM layer. 

9. A magnetic read head as claimed in claim 2 wherein the 
first AFM layer has a blocking temperature below 250° C. 55 

10. A magnetic read head as claimed in claim 9 wherein 
each of the first and second biasing layers has a thickness 
equal to or greater than a thickness of the free layer. 

11. A magnetic read head as claimed in claim 10 wherein 
the first AFM layer is selected from the group comprising 60 
nickel oxide (NiO), alpha ferric oxide (aFe 2 0 3 ), nickel 
manganese (NiMn), platinum manganese (PtMn), and chro- 
mium manganese (CrMn). 

12. A magnetic read head as claimed in claim 10 wherein 
the first AFM layer is iridium manganese (IrMn). 65 

13. A magnetic read head as claimed in claim 10 includ- 
ing: 



the spin valve sensor having first second side edges that 
are tapered. 

14. A magnetic read head as claimed in claim 13 wherein 
the first AFM layer is nonconductive. 

15. A magnetic read head as claimed in claim 14 wherein 
the first AFM layer is nickel oxide (NiO). 

16. A magnetic read head as claimed in claim 15 wherein 
the first read gap structure comprises the first AFM layer. 

17. A magnetic read head as claimed in claim 15 wherein 
the first read gap structure consists of the first AFM layer. 

18. A magnetic read head as claimed in claim 2 including: 
second and third conductive antiferromagnetic (AFM) 

layers located in the first and second side regions on 
and interfacially engaging the first and second biasing 
layers respectively and having magnetic spins that are 
oriented parallel to the ABS and transverse said first 
and second side edges. 

19. A magnetic read head as claimed in claim 18 wherein 
the first AFM layer has a blocking temperature below 250° 
C. 

20. A magnetic read head as claimed in claim 2 including: 
a second antiferromagnetic (AFM) layer exchange 

coupled to the pinned layer; and 

the second AFM layer having magnetic spins that are 
oriented in a direction perpendicular to the ABS. 

21. A magnetic read head as claimed in claim 20 wherein 
the second AFM layer has a lower blocking temperature than 
the first AFM layer. 

22. A magnetic read head as claimed in claim 2 wherein 
the spin valve sensor has no hard bias layer and said first 
AFM layer is the only AFM layer in the spin valve sensor. 

23. A magnetic head assembly having a write head and a 
read head and an air bearing surface (ABS) comprising: 

the read head having a sensor region that extends along 
the ABS, the sensor region being located between first 
and second side regions which extend laterally from the 
sensor region, the read head comprising: 
a spin valve sensor having first and second side edges 
which are spaced apart by 

a width that defines said sensor region; the spin valve 
sensor including: 

a ferromagnetic pinned layer and a ferromagnetic free 
layer; and 

a nonmagnetic conductive spacer layer located between 
the pinned layer and the free layer; and 
ferromagnetic first and second biasing layers located in 

the first and second side regions respectively and 

magnetically coupled to the first and second side edges 

respectively of the spin valve sensor; 
a first antiferromagnetic (AFM) layer having first and 

second portions located in the first and second side 

regions respectively and a third portion located in said 

sensor region; 

the first and second portions of the first AFM layer being 
exchange coupled to the first and second biasing layers 
respectively; 

each of the first and second portions of the first AFM layer 

having magnetic spins that are oriented parallel to the 

ABS and said track width; 
the pinned layer being exchange coupled to the third 

portion of the first AFM layer; and 
the third portion of the first AFM layer having magnetic 

spins that are oriented perpendicular to the ABS; 
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the write head including: 

first and second pole piece layers and a write gap layer; 
the first and second pole piece layers being separated 

by the write gap layer at the ABS and connected at 

a back gap that is recessed rearwardly in the head 

from the ABS; 
an insulation stack having at least first and second 

insulation layers; 
at least one coil layer embedded in the insulation stack; 

and 

the insulation stack and the at least one coil layer being 
located between the first and second pole piece 
layers. 

24. A magnetic head assembly as claimed in claim 23 
including: 

first and second lead layers located in the first and second 
side regions respectively and electrically connected to 
the first and second side edges respectively of the spin 
valve sensor; 

first and second read gap structures; 

the spin valve sensor, the first and second biasing layers 
and the first and second lead layers being located 
between the first and second read gap structures; 

a ferromagnetic first shield layer; 

the first and second gap structures being located between 
the first shield layer and the first pole piece layer. 

25. A magnetic head assembly as claimed in claim 24 
including: 

a ferromagnetic second shield layer; 

a nonmagnetic isolation layer located between the second 
shield layer and the first pole piece layer. 

26. A magnetic head assembly as claimed in claim 24 
wherein the first AFM layer has a blocking temperature 
below 250° C. 

27. A magnetic head assembly as claimed in claim 26 
including: 

the spin valve sensor having first second side edges that 
are tapered. 

28. A magnetic head assembly as claimed in claim 27 
wherein the first AFM layer is nooconductive. 

29. A magnetic head assembly as claimed in claim 28 
wherein the first read gap structure comprises the first AFM 
layer. 

30. A magnetic head assembly as claimed in claim 29 
wherein the first AFM layer is nickel oxide (NiO). 

31. A magnetic head assembly as claimed in claim 24 
including: 

second and third conductive antiferromagnetic (AFM) 
layers located in the first and second side regions on 
and interfacially engaging the first and second biasing 
layers respectively and having magnetic spins that are 
oriented parallel to the ABS and transverse said first 
and second side edges. 

32. A magnetic head assembly as claimed in claim 31 
wherein the first AFM layer has a blocking temperature 
below 250° C 

33. A magnetic head assembly as claimed in claim 24 
including: 

a second antiferromagnetic (AFM) layer exchange 

coupled to the pinned layer; and 
the second AFM layer having magnetic spins that are 

oriented in a direction perpendicular to the ABS. 

34. A magnetic head assembly as claimed in claim 33 
wherein the second AFM layer has a lower blocking tem- 
perature than the first AFM layer. 
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35. A magnetic head assembly as claimed in claim 24 
wherein the spin valve sensor has no hard bias layer and said 
first AFM layer is the only AFM layer in the spin valve 
sensor. 

36. A magnetic disk drive that includes at least one 
magnetic head assembly that includes a write head, a read 
head and an air bearing surface (ABS), the disk drive 
comprising: 

the read head having a sensor region that extends along 
the ABS, the sensor region being located between first 
and second side regions which extend laterally from the 
sensor region; 

the read head including a spin valve sensor having first 
and second side edges that are spaced apart by a width 
that defines said sensor region; 

the spin valve sensor including a ferromagnetic pinned 
layer, a ferromagnetic free layer; and a nonmagnetic 
electrically conductive spacer layer located between 
the pinned layer and the free layer; 

ferromagnetic first and second biasing layers located in 
the first and second side regions respectively and 
magnetically coupled to the first and second side edges 
respectively of the spin valve sensor; 

a first antiferromagnetic (AFM) layer having first and 
second portions located in the first and second side 
regions respectively and a third portion located in said 
sensor region; 

the first and second portions of the first AFM layer being 
exchange coupled to the first and second biasing layers 
respectively; 

each of the first and second portions of the first AFM layer 
having magnetic spins that are oriented parallel to the 
ABS and transverse to said first and second side edges; 
the pinned layer being exchange coupled to the third 

portion of the first AFM layer; and 
the third portion of the first AFM Layer having magnetic 

spins that are oriented perpendicular to the ABS; 
the write head including: 
first and second pole piece layers and a write gap layer; 
the first and second pole piece layers being separated 
by the write gap layer at the ABS and connected at 
a back gap that is recessed rearwardly in the head 
from the ABS; 
an insulation stack having at least first and second 

insulation layers; 
at least one coil layer embedded in the insulation stack; 
and 

the insulation stack and the at least one coil layer being 
located between the first and second pole piece 
layers; and 
a housing; 

a magnetic disk rotatably supported in the housing; 

a support mounted in the housing for supporting the 
magnetic head assembly with said ABS facing the 
magnetic disk so that the magnetic head assembly is in 
a transducing relationship with the magnetic disk; 

means for rotating the magnetic disk; 

positioning means connected to the support for moving 
the magnetic head to multiple positions with respect to 
said magnetic disk; and 

processing means connected to the magnetic head, to the 
means for rotating the magnetic disk and to the posi- 
tioning means for exchanging signals with the magnetic 
head, for controlling movement of the magnetic disk 
and for controlling the position of the magnetic head. 
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37. A magnetic disk drive as claimed in claim 36 includ- 
ing: 

first and second lead layers located in the first and second 
side regions respectively and electrically connected to 
the first and second side edges respectively of the spin 5 
valve sensor; 

first and second read gap structures; 

the spin valve sensor, the first and second biasing layers 
and the first and second lead layers being located 3Q 
between the first and second read gap structures; 

a ferromagnetic first shield layer; 

the first and second gap structures being located between 
the first shield layer and the first pole piece layer. 

38. A magnetic disk drive as claimed in claim 37 includ- 15 
ing: 

a ferromagnetic second shield layer; 
a nonmagnetic isolation layer located between the second 
shield layer and the first pole piece layer. 

39. A magnetic disk drive as claimed in claim 37 wherein 
the first AFM layer has a blocking temperature below 250° 
C. 

40. A magnetic disk drive as claimed in claim 39 wherein 
said first and second side edges are tapered. 

41. A magnetic disk drive as claimed in claim 40 wherein 
the first AFM layer is nonconductive. 

42. A magnetic disk drive as claimed in claim 41 wherein 
the first read gap structure comprises the first AFM layer. 
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43. A magnetic disk drive as claimed in claim 42 wherein 
the first AFM layer is nickel oxide (NiO). 

44. A magnetic disk drive as claimed in claim 37 includ- 
ing: 

second and third conductive antiferromagnetic (AFM) 
layers located in the first and second side regions on 
and interfacially engaging the first and second biasing 
layers respectively and having magnetic spins that are 
oriented parallel to the ABS and transverse said first 
and second side edges. 

45. A magnetic disk drive as claimed in claim 44 wherein 
the first AFM layer has a blocking temperature below 250° 
C 

46. A magnetic disk drive as claimed in claim 37 includ- 
ing: 

a second antiferromagnetic (AFM) layer exchange 

coupled to the pinned layer; and 
the second AFM layer having magnetic spins that are 

oriented in a direction perpendicular to the ABS. 

47. A magnetic disk drive as claimed in claim 46 wherein 
the second AFM layer has a lower blocking temperature than 
the first AFM layer. 

48. A magnetic disk drive as claimed in claim 37 wherein 
the spin valve sensor has no hard bias layer and said first 
AFM layer is the only AFM layer in the spin valve sensor. 
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